In the northeastern Cambodian province of Ratanakiri, agricultural expansion has been a significant factor in the decline of forest coverage. As forests are essential for rural populations' livelihoods and a healthy environment, this study presents the dynamics of this transformed forest landscape resulting from changes in farming, land accessibility and policy changes. A multitemporal dataset consisting of two ALOS/AVNIR-2 images in 2007 and 2011 were used to compare changes in land cover, and the panchromatic image of 2012 Worldview-1 acquired at 100 km 2 was used to access specific land-use patterns. Qualitative research methods ranging from an ethnographic method to qualitative data analysis were performed for gathering in-situ information to understand human-induced changes in land use. The results illustrate three triggers found at the local level, actively changing the forest landscape: (1) indigenous people transforming the swidden farming system to the mono-cropping system without external support and agricultural market information, (2) chaotic property market resulting from migrants purchasing existing farms or forest lands from indigenous people via land brokers, and (3) the introduction of land concessions by government via the 2001 Land Law, which allows agricultural cooperation to develop plantations.
Introduction
The decline of forests and woodlands in most developing countries has occurred primarily as a result of converting the land for crop production (Food and Agriculture Organization [FAO], 1997) . Cambodia is no exception, reporting large forest losses over the last decade (FAO, 2010 (FAO, 2012 . For example, the proportion of forest cover in Cambodia ranged from 73-74% of country landmass between 1969 and 1990 (Savet & Sokhun, 2003 , and decreased to 57% between 1990 and 2010. In addition, the proportion of agricultural land expanded from 26% to 31% between 1997 and 2007 (Broadhead & Izquierdo, 2010) and to 32% in 2011 (FAO, 2014) . Agricultural expansion is a significant factor in Cambodia's deforestation (Poffenberger, 2009 ) and has directly impacted forest cover (Broadhead & Izquierdo, 2010) .
Previous research has revealed that migrant encroachment also contributes to changes in forest cover. In the northwestern Cambodian province of Oddar Meanchey, it was estimated that the rural population increased about 12% per annum between 1998 and 2008, of which 9% was due to in-migration. Migrants often flow directly to rural areas seeking livelihood opportunities related to agriculture, resulting in the need to convert forests to agricultural land (Carr, 2004 (Carr, , 2009 ). Thus, detailed analyses at subnational levels are required (Barraclough, 2000) in order to better understand the social dynamics of agricultural expansion and tropical deforestation.
These findings are very important, but a few questions remain, such as how and why changes to the swidden practice are considered a critical factor to deforestation, and how migrants' access to land resources are contributing to forest cover changes. Therefore, this study aims to characterize the dynamics of forest cover changes caused by agricultural expansion, pinpointing patterns of agricultural land at a local level and then specifically addressing the critical question "why does agricultural expansion have such a significant impact on forest cover?"
Methods

Ground Truth
The subset image (ALOS PRISM 2011) covering the study area, described in Table 1 and Figure 1 , was used in the participatory mapping of land-use patterns through discussion with villagers. After participatory mapping, we conducted ground truth with a GPS device and collected 273 training samples. Based on these, we developed a classification scheme (Anderson et al., 1976) containing three types of land use or cover: agricultural, forest, and other lands. Within the classification of agricultural lands, there were three sub-types of land use: farmland, paddy fields, and swidden/fallow fields. Farmlands represent land that is currently being cultivated for cashews, cassava, or rubber, and newly opened fields, where farmers had just cleared or burned trees. Paddy fields indicate land that was established during the Pol Pot Regime (1975 Regime ( -1979 and is used for wet-season rice cultivation. Swidden/fallow fields are mixed-use land.
Four types of forest cover -deciduous, evergreen, mixed, and secondary forest -were found and classified in this study area. Deciduous forests contain dry mixed deciduous trees and dry Dipterocarp trees. Evergreen forests are usually multi-storied forests where trees keep their leaves throughout the year. Mixed forests combined deciduous trees and evergreen trees in the same location. Secondary forests contain a dense layer of young trees that belong to the "forest cover" class. The other classes of land use/cover were shrublands, which refer to a combination of shrubs, grass, trees (FAO, 2010b) , as well as marsh, sand and stone, and water. Marshes are dominated by herbaceous species, and are found near lakes, river banks, and around paddy fields. In some areas, marsh cover is a mixture of water and soil. Water refers to rivers and streams. Vol. 6, No. 9; 2014 Figure 1 presents the three-step procedure of image classification: image pre-processing, image classification, and post classification (Gao, 2009) . First, raster and vector data were projected to the UTM coordination system (UTM WGS1984 zone 48N meters). We performed geometric calibration of images, through georeference and orthorectification, and applied these processes to every raster dataset, using 10 ground control points for three polynomials (Gao, 2009) . We developed Digital Terrain Models (DTM) from the ASTER Global Digital Elevation Map (GDEM), and identified elevation points produced in 2002 by the Cambodian Ministry of Public Works and Transportation and Ministry of Land Management, Urban Planning and Construction for orthorectifying images. Second, we interpreted the ANVIR-2 images using the supervised classification method with the parametric rule of maximum likelihood. As part of the supervised classification procedure, 100 points for accuracy assessment and 173 points for developing signatures were randomized. The process of supervised classification was repeated several times, until results were consistent with the training samples. Third, a statistical filter was applied to eliminate clump areas smaller than 33 pixels. The overall accuracy assessment resulted in values between 85% and 89%. We applied raster overlapping methods to detect land-use/cover changes (Gao, 2009 
Image Interpretation
Processing Qualitative Data
We followed Maxwell (2013) to design our qualitative method, focusing on goals, conceptual framework, validity, and research questions. We also adopted ethnographic methodologies (Gobo, 2011) to collect current information. Individual interviews were conducted during field surveys through a semi-structured questionnaire in order to evaluate actual case studies, and group discussions were also conducted to determine land-use patterns. Participatory rural appraisal methods (Chambers, 1994a (Chambers, , 1994b (Chambers, , 1994c were partly adopted during interviews, including participatory mapping, flow diagrams, and seasonal calendars (Narayasamy, 2009) . We analyzed the collected qualitative data based on five steps: (1) initial coding and memo writing, (2) focused coding and memo writing, (3) new data collection via theoretical sampling, (4) continuing to code, memo and use theoretical sampling, and (5) shortening and integrating memos (Charmaz, 2000 (Charmaz, , 2006 . Finally, we used constructivist grounded theory, a method of constructing theory that researchers systematically developed from collected data (Mills et al., 2006) . The method was adopted to express views derived from the collected data, with the intention of transforming social data into theory. Table 2 illustrates the field research activities. (Trankell, 2010) . The population of the hamlet of Takeo comprised only seven households of the total population of the study area. Residents of this hamlet belong to the Khmer, the predominant ethnic group in Cambodia.
In addition to the land needs of the above-mentioned indigenous people, migrants are also increasingly seeking land in order to develop their livelihoods, largely from agriculture. We deliberately selected Phi Village as the leading example because of its remoteness and traditional practices, while the other villages were targeted for validating information. For individual interviews, 30 families were randomly selected from Phi, 7 from Pa Tang, and 10 from Pa Dal. As key informants of agricultural practices, land use, and livelihood, the village chief and security keeper from Tang Se, the village chief from Nhang, religious leaders from Cham, and one migrant from Takeo contributed to this study.
The government also requires land use for economic development; for example, Cambodia's 2001 Land Law introduced economic land concessions for increasing revenue that allows agricultural development companies (ADC) receiving contracts from the government to develop industrial plantations (Royal Government of Cambodia [RGC], 2001 ). This multi-faceted competition for land within the country is greatly increasing pressure on limited land resources, with agricultural expansion affecting forest cover, and with a corresponding need to characterize the dynamics of forest cover changes. Note: The boundary data of economic land concession was collected at http://opendevelopmentcambodia.net. Land use in the study area has undergone dramatic modification ( Table 4 illustrates the land-use/cover changes during the study period and the impacts of agricultural expansion on forest cover types. For example, farmlands had an influence on deciduous forest of about 155.3 ha and effected evergreen forest by about 245.1 ha. In addition, 268.7 ha of mixed forest were converted to farmlands and 456.6 ha of secondary forests were developed for cash crop farming. About 10.9 ha of paddy fields were converted to farmlands and 183.4 ha of swidden/fallow lands were transformed into farmlands. Swidden/fallow threatened 1,018.9 ha of deciduous forest and 156.5 ha of evergreen forest. The impact of swidden and its fallow on mixed forest covered 341.4 ha. This traditional farming system also influenced 35.9 ha of secondary forests. Note. * = examples of inherently dynamic, ** = examples of forest disturbance. For a discussion about (* and **), refer to section 4.4.
Results
Land Cover Classification
The Impact of Agricultural Expansion
Agricultural Mosaic
To gain an enriched understanding of agricultural expansion, we digitized land-use parcels from a 2012 Worldview-1 (100 km 2 ) image using ArcMAP 10.1. The flow of image processing was presented in Figure 1 , and the image in Figure 3 illustrated the "hot spot" zone, where agricultural expansion had the greatest influenced on forest cover. To create an agricultural mosaic land-use map, we employed digital land-use parcels combined with ground truth information. The agricultural mosaic signifies diversification of agricultural land uses located in the forest landscape. The map and its statistics are summarized in Figures 4 
Discussion
In this study, we conducted supervised classification with the maximum likelihood classification method due to the unique information classes on the ground. Results show that trends in land-use changes within the study area primarily originate from forestland that is converted for agricultural uses. While the accounting of land-cover changes is limited to direct human-induced changes, distinction between natural and human-induced changes cannot be identified using remote sensing data alone; as such, contemporary in-situ information may be required (Rosenqvist et al., 2003) . Thus, without applying qualitative methods, we could not fully determine how the land use changed (Maxwell, 2013) .
Transitions in the Farming System
We generally found a shift in traditional cultivation practices near water sources, such as rivers or streams ( Figure 6 ). Traditional practices are based on a multiple cropping system in which rice, the staple food of indigenous people, is normally cultivated. During fieldwork, 16 different crop species were counted, with five of these species occurring on every plot of farmland. Some shifting cultivators arranged the swidden fields according to their topographical distribution and soil type; for example, fruit trees were grown at the highest elevation or next to the edge of the forest, while vegetable species such as chili peppers and eggplant grew next to the farmhouse. Our sample farmhouse ( Figure 6 ) was a small house built on a swidden farm that was used for storing rice as well as a place to live during planting season. The vegetable crops here included cucumber, www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 9; 2014 gourds, and watermelon, grown alongside rice. Bananas grew next to the water source. Between one and three years ago, many swidden fields were converted to fallow lands, and farmers would often clear a plot of land next to their former field. The size of fallow lands ranged from 0.5 ha to 1.6 ha, similar to the size of the swidden fields. The size was noted to be dependent on the number of family members (Hor, 2012) . Figure 6 . A farm arrangement and photo of traditional swidden agriculture
In contrast, most shifting cultivators changed to a mono-cropping system, focusing on production of cash crops, such as cashew, rubber, or cassava to increase their income. They learned to cultivate cash crops from other villagers or migrants but did not take into account the physical structure of cashew plants, which led to rice being grown under cashew trees, as shown in Figure 7 . The swidden-change farming system required additional land every year because indigenous farmers deliberately cultivated rice with cashews. The rice grew well in the first year but the yield gradually decreased due to the shading of the rice field by the maturing cashew trees. Typical farms are usually between 0.5 ha and 5 ha, and the size of the expanded land was usually between 0.6 ha and 1 ha per year (measured by GPS device and Worldview-1 image). Therefore, this transition to a cash-crop farming system has the potential to change the amount of forest cover.
Accessibility of Land Resources
Poffenberger (2009) reported that migrant encroachment is contributing to land-cover change in Cambodia, as they seek forest lands to farm or resell. In Tang Se and Nhang, we found that migrants accessed land resources with the intention of improving their livelihoods through agriculture, and land brokers were paid to provide real estate services. Although the relationship between land brokers and land-use changes has not been thoroughly investigated in previous academic studies, our field survey clarified that land-resource users appeared to more easily access forest lands for farming or resale through land brokers. Overall, villagers have increasingly regarded their local lands as marketable commodities and have responded to market forces by developing more www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 9; 2014 of their forest lands for increased income (Fox et al., 2008 (Fox et al., , 2009 ).
Migrant farmers primarily develop forest lands for cash crops (e.g., rubber, cashews, or cassava) because they believe that these crops have the greatest potential to improve their livelihood; as such, they tend to access and purchase prime lands for agricultural use. This situation established a revitalized land market of real property investment, in which land is a marketable commodity due to demand. Figure 8 illustrates land resource accessibility, highlighting the roles of two main actors -land buyers and land brokers -who play important roles in the trading of land resources. Within our study area, lands were increasingly regarded as marketable commodities when migrants or indigenous people became land brokers, or market intermediaries who matched demands between buyers and sellers (Dowall & Leaf, 1991) . Land buyers can be subdivided into five categories. The first category includes migrant farmers [Migrant farmers (1)] who were the first to settle in the area. Based on the interviews, when farmers acquired large areas of forest lands or farmlands, they were initially faced with labor shortages. At the same time, growing demand for lands increased their land value, leading them to sell some parts of their lands to other land users who also relied on agriculture for their livelihood. This situation also led them to become land brokers (Broker as migrant farmers), who served to attract farmers or other buyers.
The second category includes migrant farmers [Migrant farmers (2)] who need lands only to sustain their livelihoods. The farmers in this category came from central Cambodia, where their livelihood depended on fishery. When aquatic resources become difficult to obtain, they sought lands for cash crop production. Some of these farmers were previously workers or house servants in Thailand or Malaysia. After migrating from these countries, they required lands to sustain their livelihood. Primarily, the farmers in this category purchased lands from farmers in the first category.
The third category includes the land buyers [Buyers from Angdong Meas] who live in Ou Kob, the center of the Angdong Meas district. They are mostly "middle men" who exchange agricultural products and try to create opportunities by expanding agricultural lands. The fourth category includes outsiders who live in Banlung [Buyers from Banlung], and the fifth category includes land buyers who are not residents of the Ratanakiri Province [Out-of-province buyers]. Land buyers in this category were people whose primary income is from the agricultural sector. There were a few land buyers in this category who directly bought lands from indigenous people.
Land Brokers and the Market
Land buyers accessing land resources through land brokers can be subdivided into four categories. The first category includes land brokers [Brokers as migrant farmers] who transformed land from ordinary farmers [Migrant farmers (1)], as mentioned above, and the second group includes Ou Kob residents [Brokers from Angdong Meas] The third group originated from Banlung [Brokers from Banlung], though members of this category were rare in the study area. The fourth group was comprised of indigenous people themselves [Brokers as indigenous people], the number of which was usually between one and three in the villages of the study areas other than Phi, Pa Dal, and Pa Tang.
The value of each land depends on its characteristics. For example, if a land is used for cashew trees, the value would be equivalent to a new motorbike, with prices ranging between US$500 and US$1,800, depending on the size of the total parcel. If land is covered with secondary forest, the value could be about US$500, again depending on the total size of the parcel and the types of crops currently planted.
Some land buyers enlarged their land through the purchase of new farms or by extending the boundary during subsequent seasons. Extension of boundaries, however, is dependent on land availability around the farmland; for example, if land buyers purchased land from indigenous people, these land boundaries are not often clearly or officially defined, but based on an agreement between the buyer and seller.
Land-Use Control
Without land-use control, the accessibility of migrant farmers would likely result in a sense of insecurity about being able to maintain forest resources. In this view, zoning entails the delineation of a community into districts or zones, within which certain activities are permitted and others are prohibited; however, there are no easy solutions to the problems related to accessibility of land (Dale & McLaughlin, 2003) , especially, in the context of accessing rural land for livelihood betterment within our study location. Farmers in every village recognized their land ownerships differently. Djarai villagers who live in Phi Village have created a specific zoning system, classifying land resources into five categories: village area, funeral forest, spiritual forest, hunting area, and agricultural area. These categories are generally used in every village with Djarai people in the study area; however, the exact locations of these areas have not been identified. Pa Dal villagers also created their own resource map in an effort to identify where to farm cash crops, conduct swidden, and cultivate wet-season rice (Figure 9 ). Although the systems are slightly different between these two villages, those indigenous villagers who live in Phi and Pa Dal villages were eager to possess the communal land title. Due to the 2001 Land Law, however, migrant farmers who accessed land resources in nearby Tang Se or Nhang, are not allowed to receive the communal land title. Therefore, in order to control land uses in this area, effective property rights regimes must specify both individual and collective titles. Unfortunately, these property regimes have not been functioning well in this area.
We can learn from a successful case in Krala Village, located in the Chum District of Ratanakiri Province. Non-governmental organizations (NGOs) in this area played a vital role in strengthening indigenous institutions and establishing clear policies on land use and tenure, and the villagers successfully built on new market opportunities while sustaining their forest resources and cultural institutions (Fox et al., 2009) . The best scenario to enhance tenure security is a combination of (1) long-term NGO support for livelihood development, (2) high pre-existing levels of community solidarity, (3) processes designed with a view of engagement and with recognition by relevant subnational authorities, and (4) laws to moderate pre-intervention levels of outside pressure on lands (Adler et al., 2009 ).
Land Concession
In Cambodia, land resources are not only a requirement of local people or landless people but also a requirement www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 9; 2014 of the government, which uses lands for economic development. In 2001, the Cambodian government re-enacted the land law that allowed the government to transfer "state public land" to "state private land," as a precondition to allocate concessions for various purposes. For example, the Cambodian government allocated some state lands to political elites and foreign investors in the form of an "economic land concession," which was estimated to cover approximately 50% of the country's arable lands (Neef et al., 2013) . Rubber plantations appeared in this area and the companies signed an agreement with the Ministry of Agriculture, Forestry and Fisheries to receive 8,654 ha for planting industrial crops such as acacia or rubber. Land uses appeared to be diversified as a result.
Our results show that land resource users including indigenous people, migrants, and ADCs actively developed forest lands for cash crop production. Access to natural resources is essential for sustainable poverty reduction (Baumann, 2002) and the government established land concessions in response to this social and economic initiative (Cambodia, 2001 ). However, every stakeholder has the same rights to economic development or livelihood improvement.
Inherently Dynamic Landscape
An inherently dynamic landscape is the natural succession in which pioneer vegetation evolves over time to shrublands and, subsequently, into forest (Bürgi et al., 2004) . According to the change detection analysis (Table  4) , we observed changes in the function of vegetation, creating an inherently dynamic landscape. For example, 790.3 ha of evergreen forests were converted from secondary forest, and 878 ha of mixed forest were transformed into evergreen forest. This illustrates that the quality of forest lands can recover when left undisturbed. In contrast, forest quality decreases when disturbed by logging; for example, we saw 1,064.9 ha of secondary forest and 1,147.9 of mixed forest converted from evergreen forest.
Conclusion
This study revealed the dynamics of forest cover changes caused by agricultural expansion, pinpointing the patterns of agricultural land uses in the study area. Both remote sensing applications and qualitative methods were applied to understand the relationships between land-use changes and agricultural practices at the community level across a wide range of research questions. The amount and trends of forest cover changes were observed through analysis of remote sensing data and the causes of the changes were revealed through interviews with various actors as well as ground truthing during the field survey. Overall, we found that the introduction of cash crop production and commercial plantations had been effecting agricultural practices and causing drastic changes in forest landscape.
At the local level, we also found three triggers for the forest development: conversion of swidden farming into a mono-cropping system, access of migrant farmers to land resources without land-use control, and government-induced land concessions. For the first trigger, although conversion of swidden into a mono-cropping system could be prevented, to some extent, by external support, these changes were found throughout the study area. Within the framework of the mono-cropping system, indigenous farmers have to expand their lands and develop forests for rice production year after year, regardless of the agricultural market. For the second trigger, migrant farmers have high demands for access to agricultural lands that were converted from forest lands without land administration, though increased regulation would help to form a real property market. For the final trigger, the government re-enacted a land law that allows agricultural development cooperation to develop plantations, resulting in a rapid acceleration of deforestation.
The first trigger can be easily combined with the second trigger, so further unexpected challenges to land resources are likely to appear and affect the forest landscape. At the same time, the third trigger has the potential to confound the situation at a subnational level due to increasing demands on lands for agricultural development.
In conclusion, agricultural expansion appears to have been a significant factor that has impacted forest cover at the local level. These have collectively diversified agricultural landscapes, leading to changes in forest landscape.
These results should be considered in maintaining a sustainable agricultural practice in Cambodia. The combination of quantitative and qualitative surveys applied in this study may prove to be a useful approach for designing areas in which forest and agriculture are dominant, and will be increasingly helpful in managing a sustainable landscape both in forest and agriculture.
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